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IHOACHUTEJIBHASA 3AIIMCKA

Hanoxumus siBisieTcss €CTECTBEHHO-HAYYHOM OCHOBOM HAaHOTEXHOJIOTMH, UIPAIOIIMX KpalHe
BOXHYIO pOJIb B COBPEMEHHOM TEXHHUKO-3KOHOMHUYECKOW mnapaaurme. Hanoxumusa wuccienyer
CTIOCOOBI MOJTYYEeHHUs U CTAaOMIIN3aluK, CBOMCTBA, CTPOCHUE 51 0COOEHHOCTH XUMHAYECKUX
IIpEBpaIICHUI HAaHOOOBEKTOB M HAHOMATEPHAJIOB, a TAKXKE MX MPAKTUYCCKUE MPUIIOKECHHSI.
Hanoxumus crama jorunyeckum pa3BUTHEM KOJUIOMIHOM XAMWH, c OJHOM
CTOPOHBI, U CYITPAMOJIEKYISIPHON XUMUU — ¢ APpYyror. O0e 3TUX NUCHUIUIUHBI KPUTUYHO BAXKHBI JIJIS
KOPPEKTHOTO MOHUMaHWsI HAHOXUMHUYECKHUX MMOIXO0/I0B.

Pa3zButne HaHOXWMHUH U HAHOTEXHOJIOTUH CeroIHA  CIYXHUT  (HOKycoM
JUTSL TIPAJIOKEHUS CWJI BEIyIIUX  YYEHBIXM MCCIEAOBATEIbCKUAX KOJUIEKTHBOB.
Hanomatepuanst Ha OPraHW4YeCKOM U  HEOPraHW4ECKONW OCHOBE IPUMEHSIOTCS B OTPOMHOM

KOJIMYECTBE TPOJYKTOB COBPEMEHHOUW MPOMBIIIICHHOCTH. ONHChIBAEMOE HANPaBICHUE CIYXKHUT
OJIHUM W3 CTOJNOB Tak Ha3biBaeMoil NBIC-koHBepreHimu, BXoasIen B apo MpecKa3biBAEMOTO
¢byryponoramu VI TeXHOIOTMUECKOTO yKJIaJa.

PabGoyas mporpamMmma Kypca BHEYpOUHOU AesTeNbHOCTH «COBpPEMEHHBIE HCCICIOBAHUSA U
JTOCTIDKCHHSI HaHOXUMHH» (nmanee — I[Iporpamma) ecTecTBEHHO- HAyYHOW HANpaBICHHOCTH
MO3BOJIIET OCBETUTh oOydarommmcsi 10—11 KIaccoB OCHOBHBIE TE3MCHl HAHOXMMHH, a TaKKe
HaMETUTh OCHOBHBIC HAMPABJICHHUS Pa3BUTHsI HAYKH O MUPE HAHOOOBEKTOB M €€ TEXHOJIOTHUYECKUX
MPUJIOKEHUHN, TIOJIYYUTh TMOHSITHE O COBPEMEHHBIX HAy4HBIX MeTonax. Peammzamms [IporpamMmbl
MO3BOJIUT JIOCTHYh 00JIee TIOJTHOTO MOHMMAHMS IIKOJIPHUKAMH €CTECTBEHHO-HAYYHOTO TOJX0/a K
M3YYEHUIO NPUPOJIBI U PA3BUTHIO HA €T0 OCHOBE TEXHOJIOTH, MEHSIOLIUX MUP.

AkTtyanabHocTh [Iporpammabl

Hanoxumus B CBOMX MPOSIBICHUSX OTHOCUTCS K OOJIACTHM €CTECTBEHHBIX HAYK B ILIEJIOM.
N3navanbHO CcGOPMUPOBABIIMCH HA CTHIKE XUMHUM U (DU3HKH, HAHOXUMHUYECKHE MOJXOJIbl BO
MHOTOM BJIMSIIOT Ha COBPEMEHHOE NMOHUMAaHHE MOJIEKYJIIPHBIX OCHOB OHOJOTHMHM M JPYTUX HAYK.
TeM He MeHee B IIKOJIBHBIX KypcaX IO €CTECTBEHHO-HAyYHBIM IPEAMETaM TEMBI, CBSI3aHHBIE C
HaHOXMMHUEH, pacIojaralTcs MOpPO3Hb M 3aHUMAIOT KpaiHe Majblii o0mmii oObem. B wacTm
Bo3MoskHOTO ayonupoBanust ¢ POII COO mo mpenMerHoi oOmactu «EcTecTBEHHO- HaydHBIS
npeaMeTsl» [Iporpamma moutu He mepecekaercs HU c (erepanbHONW pabouel MpOrpaMMoil o
yuyeOHOMY mpeaMeTy «Xumus» (Tembl «AJUIOTpornHble Moaudukanuu yrieponaa», «llonstue o
JUCHEPCHBIX cucTeMax», «llpeacraBieHue o KOJUIOMAHBIX pacTBOpax» B pasnene «Teopernueckue
OCHOBBI XMMHH», a TaKXe YIIOMUHAHUE HAHOTEXHOJOTHHl B paznene «XUMHUS U KU3HB»); HU C
dbenepanbHOl paboueil mporpammoi mo ydeOHomy mpenmery «Dusuka» ( «lloBepxHOCTHOE
HaTsDKEHHE» B TeME «ArperaTHble COCTOsSIHUS BemlecTBa. Pa3oBble MEpPEXObl»; YINOMUHAHUE
«[lonyyenue HaHoMaTepuanoB» B TeMe «OCHOBBI MOJEKYISIPHO-KUHETHUECKON TEOPHUI»); HH C
denepanbHOll paboueld MporpaMMoil Mo y4eOHOMY MpeaMeTy
«buonorusa» («O0ume cBoiicTBa Ouosiornyeckux MeMmOpaH» B TeMe «XUMHUYecKas OpraHu3alus
KIeTKkn»; «HaHoTexHOmornu B OWMOJIOTUH U MEIUIIUHEY).

[Iporpamma  pa3paboTaHa B  COOTBETCTBUHM ¢  TpeboBaHusiMH  (heaepaibHOTO
roCyJapCTBEHHOTO 00pa30BaTENbHOTO CTaHAapTa cpenHero obmero obpazosanus (PI'OC COO).
HeobxomumocTs peanuzanmu [lporpammbl cBsizaHa ¢ KpailHE IIMPOKUM PaCIpOCTpaHEHHEM
MIPOJIYKTOB HAHOXUMHH B COBPEMEHHOM MHPE U BBIIIEYIOMSHYTHIM HEJOCTATOYHBIM OTPAKEHHEM
OCHOBHBIX MTPUHIIMIIOB, HA KOTOPHIX OHA MIOCTPOEHA, B OCHOBHOM 00pa3oBaTeNbHON  MpOrpaMMe.
JI71st yacTUYHOM KOMIIEHCAlMU 3TOTO pa3pbiBa B MOCKBE y»K€ MHOTO JIET IPOBOJUTCS OJIMMIIMA/IA 110
HaHOTeXHOJOTUsM — ONMUMIUaIa MIKOJILHUKOB «BBICOKHE TEXHOJIOTUU U MaTepuaibl OYayIIeroy.
3aganus OnuMOuagbl MO3BOJSIOT IIKOJIBHUKAM MOHSTH, HACKOJIBKO  OHHUOPUEHTHPYIOTCS B
9TOM MeXAUCIUILTUHAPHONW oOnactu. CHcTeMaTHYecKoe K€ TONydeHHEe 3HAaHUW  BO3MOXKHO
OpraHu30BaTh Ha YpPOBHE CpeaHero oomiero oOpa3oBaHusl B paMKax BHEYPOUHOW  JIEATEILHOCTH
WK JOTIOJTHUTEIBHOTO 00pa30BaHusl, B YaCTHOCTH MPH peanu3anuu naHHoi [Iporpammel. bonbinoe
BHUMaHue B lIporpamme yneneHo MeTojaM MOJYYEHUS] UM W3YYEHUST HAHOCTPYKTYPUPOBAHHBIX
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BELIECTB M MarepuasioB. IIpaktuueckas ctopona IIporpaMMbl O3BOJISET YBUIETH SIPKUE CTOPOHBI
HAaHOXMMHUU TIPU OTHOCHUTEIBHOW JOCTYIHOCTH BBIIOJHEHHUS Y4EOHO-HCCIIEI0BATEILCKOIO
HKCIIEPUMEHTa ¥ BO MHOTOM 0a3upyeTcsi Ha NpuMepax JIabopaTopHbBIX paldoT, H3JI0KEHHBIX B
[IpakTnkyme 1o HaHomarepuasiaM u HaHoTexHosorusMm A.b. llep6akoBa u B.K. BanoBa [16].
W3ydyeHre HaHOXMMHUU OTKPBIBAET MHOTO HOBOTO M HEOKUJAHHOTO KAaK JJIsl YUEHUKOB, TaK W JJIs
negaroroB. IlpoexkTHas M wuccienoBaTeNbcKasl IEATENbHOCTh 10 HAHOXMMHUHU, KOTOpPas MOKET
BBIIIOJIHATBCS € omnopod Ha Ilporpammy, npu [H0DKHOM NOCTaHOBKE OyneT NPUBOAUTH K
00BEKTHBHO HOBBIM PE3yJIbTaTaM, paHee He ONMCAHHBIM B HAYYHOH JIUTepaType.

HoBuzna IIporpammbl 3akirodaercs B TOM, 4YTO OHa IIOCTPOEHA Ha IMOIIAaroBOM
03HAaKOMJIEHUU 00y4aIOUIUXCsl C OCHOBAMU HAHOHAYKH U €€ IPUJIOKEHUSMU.

Peanuzanus [IporpaMmbl ciocoOCTBYeT JeTanu3allMM 3HaHUM oOydaromuxcsi o (u3MKo-
XUMHMUYECKUX TMpOIecCcax, MPOTEKAIOIUX Ha HAHOYPOBHE, pACIIMPEHUIO MPEICTAaBIEHUN O
BO3MOXHOCTSIX MPUMEHEHUS HAHOXMMMUYECKHUX TIOJXOJ0B, CIOCOOCTBYET NpodopHUeHTAIUH
00yJaronuxcs.

Ileparornueckasi ueaecoodpasHocTs IIporpaMmsl 3akirodaercss B TOM, 4TO OHa CO3JAET
ycloBUs JUid (GOPMHUPOBAHUS y 0OydarolUMXCS €CTECTBEHHO-HAYYHON KAapTHUHBI MUpa, pa3BUBAET
YyMEHHE KPUTHYECKOTO OCMBICIEHUS HHQOpPMAlMM, [JaeT BO3MOXKHOCTh IOJYYUTh HABBIK
MIPOBEJIEHUS] y4eOHO-UCCIIEJOBATENIbCKOTO AKCIEPUMEHTa, PacHIMpsAeT 0a3uc Ajs yriryOJeHHOTO
M3Y4YEHHS HAaHOXMMHUYECKUX MTPOLIECCOB B BBICHIEH LIKOJIE.

Heas Iporpammbl — 1ath oOyyarommMcs KpaTKU SKCKYypC B MEXIPEIMETHYIO 00JacTb
HAHOTEXHOJIOTUH U UMITYJbC K CAMOCTOSITEIbHOMY M3YUYEHHUIO U TBOPUYECKOMY Pa3BUTHIO; TaHHAs
o0nmacTb B HacTOfAIlEe BpeMsl SBJISETCS OJHOM M3 «TOYEK pocTay Ul pa3BUTHA
IIPOMBIIIJICHHOCTA W HAXOJUT MHOTOYHCJICHHBIE IPUMEHEHHS B COBPEMEHHOM TEXHHKE.

Bapuantsl peanu3zanuu [Iporpammsl u popMbl poBeeHUs 3aHATHIA

Peanuzanms [Tporpammel npeanoaaraet COYETaHUE JIEKIIMOHHON U
ceMUHapcKoi ¢opM paboThl ¢ 3IEeMEHTaMH MPaKTUKyMa: JIEKIIUU, CEMUHAPBI, TUCKYCCUU, 3aLTUTHI
MPOEKTOB, Y4YEOHO-MCCIEAOBATEIIBCKUN JKCIIEPUMEHT, NPAKTHYECKHE pabOoThl — H300pakeHue

XUMUYECKAX POPMYII, BU3yaTH3aIUs TPEXMEPHBIX 00BEKTOB U TIp.

B cemuHapckoiif yacTu BO3MOXKHA CMEHA HHIMBU/IyalIbHBIX U TPYIIIOBBIX ()OPM MPOBEICHHUSI
B 3aBHCHMOCTH OT TPEANOYTEHHH reaarora. B mpakTHYecKod 4acTH BCTPEUAIOTCS Kak y4eOHO-
HCCIIEIOBATEIILCKUH SKCIIEPUMEHT, TaK M KOMITBIOTEPHBINA TPAKTHKYM.

[Tpu peanuszarmu [IporpaMmbl UCIIOJIB3YETCSl BHIYUCIUTENbHAS TEXHHUKA, 00ECTICUnBAIOIIast
JOCTYI K CHEIHAIM3UPOBAHHOMY IPOTPAMMHOMY OOECICUCHHIO M HAYYHOU JINTepaType.

Jlisi caMOCTOSITEIPHOTO HM3Y4YEHHUsSI MPEIyCMOTPEH CIIHMCOK aKTYaJIbHOHM JIMTEpaTyphl IO
ONKCBIBAEMOW  00JaCTH, pACCUUTAHHBIM KaK Ha y4WTeJeW, TaK M Ha IIKOJbHUKOB,
y4YaCTBYIOIIMX B peayin3zanuu [Iporpammebl.

[Iporpamma pazpaborana ais oOyuarormmxcsi npoduiabHbix 10—11 KiaccoB (ecTecTBEHHO-
Hay4yHbli npoduie oOyuenus). [Iporpamma paccuntana Ha 2 rofa oOydeHus. Obiiee KOJIMYECTBO
BPEMEHH, OTBOJIUMOIO Ha OCBOCHHUE MPOrpaMMbl cocTaBisieT 68 yacoB. [Iporpamma peanusyercs 1
pa3 B Henento 1o 1 yacy. Bapuantom peanu3zariu MokeT ObITh nzydenue [Iporpammsl B 10 kinacce B
pexuMe 3aHATUH 2 yaca B HEJEIIO.

@opMBI KOHTPOJISL CAY)KAT HOJs OMpeNeNieHUs pe3yabTaTUBHOCTH OCBOeHHS lIporpammsr
oOyyaromumucs. ATTrecTanus MpoBoIUTcs | pa3 B roJ: MPOMEXYTOYHas — MO UTOTaM IEepBOTO
roja 00y4eHus, UTOroBasi — BECHON BTOPOT'O rojia 00y4eHusl.

Dopmbl nposedeHUs ammecmayuiL:

® TECTHPOBAHMUE;

® TIPaKTUYECKUE 3aHITHS,

® 3aueTHas paboTa.

B3anmocss3b ¢ geaepaibHOl padoyei NPorpaMMoil BOCIIUTAHUS

[Iporpamma paspaboTaHa ¢ y4eToM pekoMeHaaluii ¢enepaabHOi paboueil mporpaMMel

BOCIIMUTaHUA JJIsL 06H_IeO6p8.30BaTeJ'IBHBIX opr aHHU3aIUH. Ona YYHUTHIBACT IICHUXOJIOI'O-
neaarorndcCKuc 0COOEHHOCTH COOTBGTCTBYIOLHGIZ B03paCTHOI71 KaTCropmuu 06yqa101111/1xc;1.



B uactHOCTH, B X021€ peanuzaunu [IporpaMMbl BO3MOKHO COUETaTh KaK MHTEIIEKTYalIbHOE,
TaK W COIMAJIBHOE Pa3BUTHE OOYJArOIIMXCs, CO3AAIOUICe OCHOBBI U UX CaMOOIIpEJCNICHUs Ha
OCHOBE JYXOBHO-HPaBCTBEHHBIX LIEHHOCTEH.

K 3amauam peanmzanuu naHHod IIporpammbl MOXHO OTHECTH JOCTHMIKEHHME JIMYHOCTHBIX
pe3yabTaTOB OCBOCHHUSI 00IIe00pa3oBaTeIbHBIX NMpPOrpaMM MO (U3MKE, XUMHH U OHOJOTHU B
cootBercTBUU ¢ ®I'OC COO, a uMeHHO: cHOPMHPOBAHHOCTh IICHHOCTEH  CaMOCTOSATEIBHOCTH
" WHHUIIMATUBHI, TOTOBHOCTD 0o0yyaroluxcsi K CaMOpPa3BUTHUIO, CAMOCTOSATEIBHOCTH M
JUYHOCTHOMY CaMOOIIPEAEICHUI0, HaJlMuyhe MOTHBAllMM K LIEJICHANPABICHHOW COLMAIbHO
3HAYUMOM JESATENbHOCTH, CHOPMUPOBAHHOCTb BHYTPEHHEH MO3MLIMM JMYHOCTH KaK 0co0oro
LIEHHOCTHOTO OTHOILIEHUS K ce0€e, OKPYKAIOIKM JIFOASM U KU3HU B LIEJIOM.

[IporpaMma COOTBETCTBYET  CIIEAYIOIIUM OCHOBHBIM  HAIpPaBJIEHUSM  BOCHUTAHMS:
IpaXXJaHCKOE BOCIMTAHUE, MATPUOTUYECKOE BOCHHUTAHME, JYXOBHO- HPABCTBEHHOE BOCIHMTAHUE,
ACTETUYECKOE BOCIUTaHHE, (OPMUPOBAHUE KYJIbTYphl 3J0pOBOro oOpa3a >KWU3HH, TPYIOBOE
BOCITUTaHHE, FIKOJIOTMYECKOE BOCIIUTAaHNE, BOCIUTAHUE LIEHHOCTH HAyYHOTO MO3HAHUS.

OcobennocTu padorsl negarora no Iporpamme

[lepen mnpenopaBarenem, pabortatouuMm 1o Ilporpamme, crouT 3amada rapMOHUYHOTO
COUETaHMS AJIEMEHTOB XWMUHU, OMOJOTUH, (GU3UKK U MH(OPMATUKU, KOTOpPbIE HEOOXOAUMBI IS
KOHBEPr€HTHOTO0 TNMOHMMAaHHS HAHOXMMHHU. TeM He MeHee akLEeHT B cocraBieHuu I[Iporpammbl
c/leJlaH Ha XMMUYECKHE acleKThl HAHOHAYKH, YTO MOJKET YaCTUYHO CMSTYUTH KaJpPOBBIA BOIPOC B
peanuzanuu [Iporpammel. YcBoeHne OOy4JalOMMMKCS HOBBIX 3HAHWW B JTOHW 00JIACTH TECHO
CBA3aHO C YCHEIIHOCTBIO pealu3ali  y4eOHO-UCCIIEOBATEIbCKOTO  DKCIIEpUMEHTa U
MpaKTH4YeCKUX pabotr, 3anokeHHbIX B Ilporpammy. Ilpm HemocratoyHOCTH MaTepUaIbHO-
TEXHUYECKOTO OCHAIIEHUs1 00pa30BaTEIbHOW OpraHu3allul pPEKOMEHIyeTcs CcJenaTb AaKIEeHT
B peanu3auuu I[Iporpammel Ha paboTy ¢ 1udpoBbIMH pecypcamu. Bo3MOXKHO cokpalleHue
KOJIMYECTBA IUIAHUPYEMBIX NMPAKTUYECKUX padOT Ais yriyOneHus paboThl HAJ TEOPETUUYECKUMHU
pazaenamu [Iporpammel.

OtnuuurenbHas ocoOeHHOCTh IIporpamMMbl COCTOMT B TOM, YTO B €€ IMOCTPOECHUM U
peanu3anyu:

® Dpa3BHUBAIOTCA MEXIIPEIMETHBIE CBSI3HM, 3aJI0KEHHbIE B OCHOBHOH 00pa3oBaTeiabHOMN
IIPOrpamMme;

® BOCIOJHSETCA JeQUUUT COBPEMEHHOM HaydyHOH MH(OpMaLUM, MPOCIEKUBACTCS
B3aMMOCBS3b KJIACCUYECKUX JOCTHKEHMH XMMHMU U (PU3HMKU C UX NPUIOKEHUSIMH B COBPEMEHHON
HaHOTEXHOJIOTUH;

® PpPa3BHUBAIOTCS II03HABATEIIBHBIC KOMIICTCHIIUU 06yqa}01u1/1xc;1;
® AKTMBHO HUCIIOJIL3YIOTCs COBPEMEHHBIC DKCIICPUMCHTAIILHBIC M BEIYMCIIMTCIIBHBIC METO IbI,

® TIOAACPKUBACTCSI OpHCHTAMA 06yqa}01u14xc;1 Ha IMOCICAYIOIIYIO CICHHUAINU3ALUI0 B
00/1aCTH KaK (bYHHaMeHTaHBHOﬁ, TaK 1 HpHKHaﬂHOfI HayKH.



COJIEPXKAHUE KYPCA BHEYPOUYHOM JEATEJbHOCTH
«COBPEMEHHBIE UCCJIEJOBAHUA U JOCTUXEHUA HAHOXUMUN»

10 KJIACC

Paznesn 1. OpranusanuonHoe 3ansaitue «HaHOXUMHSI M HAHOTEXHOJIOTUS KAK
MeKIUCHUININHAPHasA 00acThy». [leau u 3anaun kypca. UHCcTpyKTaXK

Tema 1.1. Beeoenue ¢ Ilpozpammy

Teopusa. ®opmbl U MeTOJbl AedTenbHOCTU. [lnan paboTel Ha yuyeOHBIH TOA.
WHcTpyKTax 1o TexHuke 0€30IMacHOCTH.

Ilpaxmuxka. IlepBrdHas tnarHocTrka. BxoaHoe TecTupoBaHueE.

Paznes 2. Ucropusi HAyku 0 1MCIIEPCHBIX CHCTeMaX

Tema 2.1. Hauano u3zyuyenus noeepxHoCmMHbIX A6/1€HUIL U OUCHEPCHBIX CUCHEM

Teopus. Kanwmnapel u 3akoH Jlammaca. Uzyuenme ancopOuum (K. I[leene, T. Jloswui).
Merammueckue 3omu (M. @apaneit). bpoyHoBckoe nBmwxkenune. Ocmoc u auamms (T. T'pam).
Komnounueie cucremsl. Omnpenenenue uuncna Asoragpo (OK. Ileppen). Dddexr Pebunmepa.
TepMUH «HAHOTEXHOJIOTUWY», UCTOpUs ero mnosBieHus u nomymspuzauuun (P. deiinman, H.
Tanuryru, 2. [Ipekcnep).

Ilpakmuka. Y4yeOHO-UCCIIe0BATEIbCKUIN dKCIIepuMeHT: M3yuenue agcopbuun kpacurenei
C TIOMOIIIBIO AKTUBUPOBAaHHOTO yrisi. OnpeseneHue ero coponOHHON CIOCOOHOCTH.

Pa3nen 3. OcHOBBI GU3MKHM MOBEPXHOCTH M TUCIIEPCHBIX CpPeN

Tema 3.1. Ocnoevl huzuku nogepxHocmu

Teopus. DUBUKO-XUMUYECKHE CBONCTBA aTOMOB Ha  TOBEPXHOCTH.
[ToBepxHOCTHOE HaTsDKeHUE. AncopOius. CMaynBaHKE.
Ilpaxmuxa. Y4eOHo-uccnen0BaTebCKui SKCIIEPUMEHT: Onpenenenue

MMOBEPXHOCTHOI'O HATSYKEHUS BOJbI METOJOM OTPbIBA Kaleb.

Tema 3.2. Ceoiicmea oucnepcHulx cpeo

Teopua.  DneKTpUYECKHE CBONCTBA. VY cTONYMBOCTD. OU3NKO-XUMHUYECKas
MEXaHHKa.

Ilpakmuka. YdeOHO-UCCIIENOBATEILCKHN 3KcniepuMeHT: OIeHKa TOJIIUHBI IpaduTOBOM
JIMHUHU B 3aBUCHUMOCTH OT MATKOCTH KapaH/alla.

Pa3nen 4. JIlucnepcHble CHCTEMBbI: MOJIyYeHHe U TPUMEHEHHe

Tema 4.1. Knaccugukayus oucnepcrulx cucmem

Teopusa. Knaccudukanus aucriepcHbIX cucTteM. [IOHATHS «HaHOMaTepHa»,
«HaHOO0O0BEKT». Buybl HaHO0OBekTOB (0D, 1D, 2D; MUKPO-, ME€30- 1 MAKpOTIOPHUCTHIC). SpKue
MIPUMEPHI MPOSIBICHUS pa3MEPHOTO dPdeKTa.

Ilpakxmuxa. llpaktuueckass pabota: MojenupoBaHHE CTPYKTYpbl HAHOYACTHUI[ PA3HOTO
pa3Mmepa, CpaBHEHHME [IOJIM IIOBEPXHOCTHBIX AaTOMOB U 4YHUCJIAa HECKOMIIEHCUPOBAHHBIX
BAJICHTHOCTEH.

Tema 4.2. /lucnepcuvie cucmemul, cooeprrcawjue 2azoeyio gazy

Teopus. 11eHsbl, a3p0307U U a3POreIIu.

Ipaxmuxa. Y4eOHO-uccnea0BaTenbCKUit JKCIIEpPUMEHT: Omnpenenenue
YCTOMUYMBOCTHU MEHBI MOIOIIUX CPEACTB.

Tema 4.3. /lucnepcnvie cucmemut, cooepircaujue Hcuokyrw gazy

Teopus. 3o0mm, renu, SMyJibcud U cycneH3ud. llonmoxeHue 3o0Jiell Ha IIKane AUCIIEPCHOCTH
KOJUJIOMJIHBIX CHUCTEM.

Ilpakmuxa.  Y4eOHO-HcClIe0BaTeNbCKUN dKcnepuMenT: [lomydenue 3omei
HAaHOCTPYKTYPHPOBAHHOTO cepedpa.

Tema 4.4. lucnepcuuie cucmembol, cooeprcauiie n06EPXHOCMHO-AKMUGHbLE 6eU{EeCM6a

Teopus. [ToBepXHOCTHO-aKTUBHBIE BELIECTBA. Membpansl, MHLIEIIIBI
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Y JTUTIOCOMBI. broornyeckue JUCrepCcHble CUCTEMBI.

Ilpaxmuxa. Y4eOHO-UCCIIEOBATEILCKUIA IKCIIEPUMEHT: M3ydeHne BIUSHUS
MMOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA MOBEPXHOCTHOE HATSKEHUE.

Tema 4.5. Memoowl eusyanuzayuu Hanouacmuy,

Teopus. Dddext Tunmans. AHanu3 TPaeKTOPUN IBHKESHUS HAHOYACTHIL.

Ilpaxkmuka. Y4eOHo-uccnen0BaTenbCKUi DKCIIEPUMEHT: JemoHcTpanus
addexra TuHAANSA HA TUCTIEPCHBIX CHCTEMaX PA3IMYHOTO POJIA.

Paznen S. MeTtoabt CHHTe3a HAHOCTPYKTYPHPOBAaHHBIX BellecTB U
MaTepHaJioB

Tema 5.1. Ilpunyun «ceepxy-eHu3»

Teopus. llpuHUMOBl TOMYYEHHUS HAHOCTPYKTYpP: «CBEPXY-BHU3» U «CHHM3Y- BBEPX».
[Tonygyenue rpadena. OcoOeHHOCTH paOOTHI IJTAHETAPHBIX METHHUIL.

Ilpaxmuxka: Ipaktuyeckas padora: [loctpoenue Moaenu miIaHeTapHON METbHUIIBL.

Tema 5.2. IlIpunyun «cnu3y-eeepx»

Teopus. OcHoBBI cynpaMosieKysipHol xumMun. Camoc6opka. MeTo 1l CHHTE3a HAHOYACTHIL;
«MATKOW XMMHEW» — 30Jb-Te€llb, «TOMOT€HHOTO OCaXACHUS», OOpalieHHO-MULEIIISPHBIH,
MUKpPOAMYIIbCUOHHBINH; Tepmonn3, CVD. Meronpl crabunm3alnuyu HAHOYACTHUIL CTEepHUYECKasd,
XenaTHasl, dJeKTpocTaTHueckas, uMMoOuMnu3anueil B wMarpuie. HampaBneHHbl cuHTE3
HaHOOOBEKTOB: KBAHTOBBIE TOYKH, HAHOIUIEHKH, OOBEMHble HaHOMaTepuasibl. Monaudukanus
CBOMCTB HAHOMATEPHUAJIOB.

Ilpakmuxka: Y4eOHo-Hccae10BaTeNbCKUil JKCIIEpPUMEHT: ["azodaszusiit CUHTE3
HAaHOKPHUCTAJUIMYECKOTO Xyopuaa amMMmoHus. [lomyyeHue 3o5ieli HaHOMarHeTUTa, HAaHOPAa3MEPHOTO
JTUOKCHJA THUTaHa, OepnuHCKOW sa3ypu. I[losydeHne HaHOIUIEHOK cepebpa Ha CTEKISTHHOU
noanoxkke. O1eHka ux TOJIIIUHBIL.

Ilpomesrcymounas ammecmayus.

11 KJIACC
Pazgen 6. Meroabl HccIel0BaHHSI HAHOCTPYKTYPMPOBAHHBIX  BelIeCTB M
MaTepHuaioB

Tema 6.1. Onmuueckue memoonl

Teopua. Onruyeckue CBOMCTBA HAHOYACTUI[ M HAHOMAaTepHaloB. MUKpPOCKOMHS.
Hudpakuronnsiii  mpenen. Potomerpusa. CrekTpopoToMeTpusi: H3MEpPEeHHE MPOIMYCKaHUs,
MOTJIOLIEHUS, IIOMUHECHEeHIIH. [IlnHaMruecKkoe CBETopaccessHue.

Ilpakmuxa: llpaktuueckas pabota: MUKpOCKONHMYECKOE H3Y4YEHHE IpenapaToB
HaHOCepeOpa Ha CTEeKJIax.

Tema 6.2. dnekmponnan MuKpoCcKonus

Teopus. DneKTpOHHAs MUKPOCKOIMS: MPOCBEUMBAIONIAS M CKaHUPYIOIIAs.
Oco0eHHOCTH U3y4eHUs OMOJIOTHUECKUX 0OBEKTOB Ha HAHOYPOBHE.

Ilpaxmuxa: Tlpaktndeckas pabora: CpaBHUTEIbHBIA aHAIU3 W300paKEHUN HAHOCTPYKTYD,
MOJIy4YE€HHBIX 2JIEKTPOHHON MUKPOCKOIHUEH.

Tema 6.3. Penmezenogckas oughppaxmomempus

Teopus. PentreHoda3oBblii aHadn3. YIIMpPEHHE MHUKOB KaK MPH3HAK HAHOOOBEKTa U Kak
Croco0 OIIEHKH pa3Mepa KpUCTAIITUTOB. PEHTreHOCTpYKTYpHBIN aHanu3. OnpeneneHue CTpyKTyphbl
HAaHOPa3MEPHBIX 0OHEKTOB Ha aTOMHOM YPOBHE.

Ipaxmuxa: Tlpaktuueckas paborta: Busyanuzanusi cTpykTyp OMOTIOTUMEPOB, TOTYIECHHBIX
METO/IOM PEHTI'€HOCTPYKTYPHOTO aHaJIH3a.

Tema 6.4. Ckanupyrwian 30100841 MUKPOCKONUSA

Teopus.  TyHHenbHasT  MHKPOCKOIMHUSA.  ATOMHO-CHUJIOBasi ~ MHUKPOCKOTHS.  AHanmu3
HAHOCTPYKTYpPHI ToBepxHOCTeH. CTaTHUECKU U TUHAMUYECKUHN PEeKUM CKaHHUPOBAHUS.

Ipaxmuxa: TlpakTuyeckas pabota: AHanu3 U300paKEHUH, MOTYYEHHBIX METOJOM aTOMHO-
CHJIOBO MHKPOCKOIIMH, C TOMOUIbI0 COBPEMEHHOI'O INpPOrpaMMHOro obecreueHus. YueOHO-
HCCIIEIOBATENIbCKUI  DKCIIEpUMEHT:  V3yueHue MOBEPXHOCTH  METOJOM  aTOMHO-CHIJIOBOM

6



MHUKPOCKOIIHH.

Paznen 7. @yHKUHHMOHAJbHBbIE CBOWCTBA HAHOCTPYKTYPUPOBAHHBIX BelIeCTB U
MaTepHaJjioB

Tema 7.1. @ynKkyuonanvrsle c60iicmea eeuiecnmea, odecneuueaemble HAHOMamMepUaIamu

Teopus. CepxHu3zkas CMa4MBaeMOCTb. CBepXIIpO4YHOCTb.
BricokoTemnepaTypHas CBEPXIPOBOJUMOCTb. CaepxduibTpanusi. CBepXbApKOCTb
cBeroucmyckanus. Cyxas aare3us (OMOMUMETHKA TeKKOHA). MarHUTHbIE CBOMCTBA.

Ipakmuxa. Y4eOHO-UCCIENOBATEIbCKUI dKCIIepuMeHT: M3yuenne «dddexra morocay Ha
IIpUMepe JIeTIeCTKa po3bl. MI3MepeHue kpaeBoro yria.

Paznen 8. HaHoTexH0JI0TMM — MepCNeKTUBBI PA3BUTHS U COCTOSIHME HAYKH HA
CerogHfAIIHUN IeHb

Tema 8.1. Cospemennvie npumenenus HAHOMEXHOIOZUU

Teopus. CoBpeMEeHHBIEC TPUMEHEHNSI HAHOTEXHOJIOTHUH, 001N 0030p.

Ilpakmuka. BukropuHa: HaHOTEXHOJIOTMY B HAILIEH JKHA3HH.

Tema 8.2. Yenepoonvie nanomamepuasot

Teopus. OcobGass  ponp  yriepoja B HaHOMHpE. dyriepeHsl, rpaden,
HaHOTPYOKH.

Ilpaxmuxa. [IpakTuueckas pabora:  MonenupoBaHue MPOCTPAHCTBEHHOU
CTPYKTYpPHI (PyIsiepeHoB.

Tema 8.3. Hanomamepuanwt 0ns IHepzemuxu

Teopus. Hanomarepuanst B TOIUIMBHBIX 3JIEMEHTAX. JIluTnii-noHHbIE

aKKyMyJisaTOpbl. CynlepKOHIEHCATOPHI.

Ilpakmuka. Y4eOHO-UCCIENOBATEIbCKUI dKCIIEpUMEHT: M3MepeHne eMKOCTH JIMTHM-
MOHHOTO aKKyMYJISATOPA.

Tema 8.4. Hanosnekmponukxa

Teopus. 3aKkoH Mypa. TexHomornyeckui MPOIIECC MPOU3BOJICTBA
MHTErpaibHbIX MUKpocxeM. Cuctemsl 3anucu HHGOpMaIum.
Ilpaxmuxa. [IpakTuueckas pabora: AHamu3  U300paxKeHHS MOBEPXHOCTH

KOMIIaKT-TUCKa.

Tema 8.5. Hanomamepuanvt 6 meouyuHe u IKOaA02uu

Teopus. =~ Hanommarnocrtuka. [Tpumenenue HaHOMAaTepHUaJIOB B TEparui.
Hanocop6entsl. @otokaranuzatopbl. CaMOOYUCTKA.

Ipaxkmuxka. ITpakTyeckas pabota: Buzyanu3zaims mpocTpaHCTBEHHOM CTPYKTYPbI
HaHOOMOTIPENapaToB ¢ MOMOIIbIO COBPEMEHHOTO IPOTPAMMHOTO 0OecTIeyeHUsI.

Pazpen 9. AKTyaJIbHbIE npooJIeMbl B o0JIacTn HAHOXUMMH U
HAHOTEXHOJIOT U

Tema 9.1. /luckyccus

Teopus. AxTyanbHbie TPOOIEMbI B 00J1aCTH HAHOXUMHUU U HAHOTEXHOJIOTHH.

IIpaxmuxa. I'ToroBas attecranus. 3aueTHas paboTa.



IJIAHUPYEMBIE PE3YJIbTATBI OCBOEHHSA KYPCA BHEYPOYHOM
JAEATEJIBHOCTHU « COBPEMEHHBIE NCCJIEJOBAHMUSA
N JOCTUKEHUA HAHOXUMHUWN

JIMYHOCTHBIE PE3YJIbTATbDI

B cghepe epascoancrozo éocnumanusi:

CIIOCOOHOCTh  ONPENENATh COOCTBEHHYIO TIO3UIMI0 TI0 OTHOIICHUIO K  SBJICHUSM
COBPEMEHHOU KU3HU U OOBSICHSITH €€¢;

TOTOBHOCTh K COTPYJAHHYECTBY B TIPOIECCE COBMECTHOTO BBITIOJIHEHUS YUCOHBIX,
MMO3HABATEIBHBIX U UCCIICIOBATEIILCKUX 3a/1a4, YBAXKUTEIIBHOTO OTHOIIICHUSI K MHEHUIO ONITIOHCHTOB
TP OOCYXKJICHUH CITOPHBIX BOTIPOCOB €CTECTBEHHO-HAYTHOTO COJICPIKAHWIS.

B cihepe nampuomuueckozo socnumanusi:

YBOXEGHHE K TPOIECCY TBOpPYECTBA B OOJACTH TCOPUU M TPAKTHYCCKOTO TPUIIOKEHUS
HAaHOHAYKH, OCO3HAHHS TOTO, YTO YCIEXW HAYKHM W TEXHOJOTHH €CTh Pe3yiIbTaT JUTUTCIBHBIX
HAOJIOJICHUH, KPOTIOTIMBBIX OSKCIIEPUMEHTAIBHBIX ITOUCKOB, ITOCTOSHHOTO TPYyAa VYUYEHBIX H
MIPAKTHKOB;

CIIOCOOHOCTH OIEHUBATH BKJIA]] POCCHUCKHMX YICHBIX B CTAHOBJICHHE U Pa3BUTHE HAHOXUMUH,
MMOHMMAaHKE 3HAYCHUS HAyKH B TIO3HAHWH 3aKOHOB NMPHUPOJBI, B )KH3HH YEJIOBEKa M COBPEMEHHOTO
oOmiecTBa.

B cghepe dyxo6no-npascmeenno2o 60CNUmManusi:

OCO3HaHHWE JIMYHOTO BKJIaZa B TIOCTPOCHHE YCTOMYMBOTO OYAYIIEro; CIOCOOHOCTH

OIICHUBATh CHUTYallMI0 M TPUHUMATh OCO3HaHHBIC PEIICHUS,

OPUEHTUPYSICh HA MOPAIEHO-HPABCTBEHHBIE HOPMBI M IICHHOCTH.

B cgepe scmemuueckoco socnumanusi:

ACTETHYECKOE OTHOIICHUE K  MUpy, BKJTIOUAst ACTETHKY HAYYIHOTO
Y TEXHHYECKOTO TBOPYECTBA.

B cghepe chopmuposanus kynemypui 300po6wsi:

coOroIeHne npaBwi  0€30I11acHOTO oOparieHus C BelIecTBaMU B OBITY,
MTOBCETHCBHOM JKU3HU, B TPYIOBOM JCATEIBHOCTH;

0CO3HAHME TIOCJICJCTBHI W HENPUATHE BPEIHBIX MPUBBIYCK (YHIOTPEOJIICHUS alIKOTOJIs,
HapKOTUKOB, KYpEHHSI);

MIOHUMaHue IICHHOCTH paBUII WH/IUBU/TyaIBHOTO U KOJUIGKTUBHOTO
0€30I1aCHOTO MOBEACHUS B CUTYAIHSIX, YIPOKAIOIINX 3I0POBBIO M KH3HH JIFO/ICH.

B cghepe mpyoosozo éocnumanus:

KOMMYHHUKATUBHAS! KOMIIETEHTHOCTh B Y4€OHO-HCCIICI0BATEILCKOM IS TENIBHOCTH, OOIECTBEHHO
MOJIC3HOW, TBOPYECKOM U IPYTUX BHJAX JCATCIbHOCTH;

WHTEpPEC K NMPAKTUYECKOMY M3Y4YCHHIO NpOoQecCuil pa3iMdHOrO POja, B TOM YHCJIE HA
OCHOBE MPUMEHEHHMSI TPEIMETHBIX 3HAHUN TI0 XUMHUH U (HU3UKE;

YBOKEHHE K TPYY, JIOIAM TPYyJa U pe3yIbTaTaM TPYJIOBOH JEATEILHOCTH; TOTOBHOCTD

K  OCO3HaHHOMY BBIOOPY WHUBHTyaTbHON TpaeKToOpuu
oOpa3zoBaHus, Oyayiei npodeccun U peaan3anuyu COOCTBEHHBIX KU3HEHHBIX IUIAHOB C  YUETOM
JIMYHOCTHBIX MHTEPECOB, CrocoOHOCTeH K HayKe, MHTEpPECOB M TMOTpeOHOCTEelH

oO1iecTBa.

B cghepe sxonocuueckozo socnumanusi:

9KOJIOTHUECKH IIeJiecooOpa3Hoe OTHOILIEHHE K MPUPOJE KaK HMCTOYHUKY CYIIECTBOBAHHUS
’KM3HH Ha 3emiie;

HaJIW4ue Pa3BUTOTO HKOJIOTHYECKOTO MBIIUICHUS, SKOJOTHYECKOW KyIbTYphl, OIbBITa
NESITENFHOCTH ~ DKOJIOTMYECKOW  HANpPaBIIEHHOCTH, YMEHHsS  PYKOBOJCTBOBAThCSI HMHU B
MO3HABATEIHbHON, KOMMYHHKATHBHOW U COI[MAIIEHOM MPAKTHKE, CIOCOOHOCTH M YMEHHUS aKTUBHO
MIPOTUBOCTOSATH UCOTIOTUH XeMO(pOoOuH;

CIIOCOOHOCTD HCIIOJIB30BaTh HpI/IO6pCTaCMBIG Ipru U3Yy4YCHUN HAHOXHUMHWU 3HAHUSA U YMCHHA
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IpU pPEHICHUH MpoOJeM, CBS3aHHBIX C PALMOHAIBHBIM HPUPOIONOIB30BaHUEM (COOMIOCHUE
IIpaBUJI MIOBEJICHUSI B IIPUPOJIE, HAIIPABJIEHHBIX HA COXPAHEHUE PABHOBECHSI B IKOCUCTEMAX, OXPaHy
BUJIOB, DKOCUCTEM, Ouocdepsn);

OCO3HAHHE ITI00AIBHOIO XapaKTepa 3KOJIOTHUECKUX MTPOOIEM U IyTeH UX PEeLIeHHSL.

B cgpepe yennocmeii nayunozo nosnanus:

[IOHMMaHHe crneupuKy HAaHOHAYKH, OCO3HAHHUE €€ posid B (POPMUPOBAHUU PALMOHAIBHOTO
HAay4yHOTO MBIIIJICHHUS, CO3JaHUE LEJIOCTHOIO IPEACTaBICHUS
00 OKpyKaroleM MUpPE KaK O €JHHCTBE MPHUPOJIbI, YEIIOBEKA U OOIIECTBA, B IO3HAHUHU MPHPOTHBIX
3aKOHOMEPHOCTEHN U PEIIeHNH IPoOIeM COXpaHEHUs! IPUPOIHOTO PaBHOBECHUS;

[IOHMMAaHHE CYIIHOCTU METOJOB IIO3HAHMs, MCIIOJIb3YyEMBIX B €CTECTBEHHBIX HayKax,
CIIOCOOHOCTH HCIOJIb30BaTh IOJIydaeéMble 3HAaHUS Ui aHalu3a U OObBSICHEHUs SBJICHUM
OKPY)KAIOIIEr0 MHpa M MPOUCXOJALIMX B HEM HW3MEHEHUH, YMEHHE JienaTb OO0OCHOBaHHbBIE
3aKJIIOUEHUSI HAa OCHOBE HayyHbIX (AaKTOB U JaHHBIX, IOJYYEHHBIX B X0J€ Yy4eOHO-
HCCIIEI0BATEIIBCKOIO DKCIIEPUMEHTA, C LIEbI0 MOJIyYEHHs] TOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B TOJYYEHMHM €CTECTBEHHO-HAayUHBIX 3HAHUW B LEJSAX IMOBBILIEHUS
oOuieil KynbTypbl, €CTECTBEHHO-HayYHOM I'PaMOTHOCTH KaK COCTaBHOW 4YacTH (DYHKIMOHAJIbHOM
IrPaMOTHOCTH, GOPMUPYEMOI TPU 0OYUEHUU;

TOTOBHOCTH " CIOCOOHOCTD K HETIPEPBIBHOMY 00pa3oBaHUI0 U
CaMOO6pa3OBaHI/IIO, K AKTHBHOMY IIOJIYYCHHUIO HOBBIX 3HAHUHA B COOTBETCTBHH C KU3HEHHBIMH
MOTPEeOHOCTSAMHU.

METAINIPEIMETHBIE PE3YJIbTATHI

B cepepe oenaoenus noznasamenvHvimu yHUGEPCANbHOIMU YUEOHBIMU OCHUCHBUAMU:

bazosvie nocuueckue oeticmeusi:

CaMoCTOSITENIbHO (OPMYIUPOBATh U aKTyaJU3upoBaTh MpoOJIeMy, paccMaTpuBaTh €€
BCECTOPOHHE;

WCII0JIb30BaTh NIPU OCBOEHUU 3HAHWM MPHEMBI JIOTHYECKOTO MBIIIICHUS (aHaJIM3a, CUHTE3a,
CpaBHEHUS, KJIacCU(PHUITUPOBaHKS, 0000IIEHNS), PACKPHIBATh CMBICT HAYYHBIX MOHATHN (BBIIACIATH
WX XapaKTepHbIE MPU3HAKU, YCTAHABIUBATH CBSI3U C IPYTMMHU MOHATHSIMHU);

OTIPENeNIATh LENH JEATENbHOCTH, 3ajaBas HapaMeTpbl U KPUTEPUHM HUX JIOCTIKEHUS,
COOTHOCHUTH Pe3yJIbTaThl ACITEIbHOCTU C MOCTABICHHBIMU 1IENISIMU;

WCIOJIb30BaTh HAYYHbIE OHATHS 11 0OBSICHEHUS (PAKTOB U SBJICHHUNA TPUPOIbI;

CTPOUTH JIOTHYECKUe paccyxaeHus (MHIYKTHUBHBIE, JNENYKTUBHBIE, TIO
aHAJIOTMH), BBISIBJISITH 3aKOHOMEPHOCTH M IMPOTHBOPEUHS B PACCMATPUBAEMBIX SIBICHMSIX,
(bopMyIupOBaTh BHIBOABI U 3aKIIOUCHHUS;

MPUMEHSITh CXEMHO-MOJETbHBIE CPEICTBA JUISA MPEJCTABICHUS CYIIECTBEHHBIX CBS3CH U
OTHOIICHWI B M3y4yaeMbIX OOBEKTaX, a TaKKe MPOTUBOPEUYUI PA3HOTO pOJa, BBISBICHHBIX B
pa3IUYHbBIX HH()OPMALIMOHHBIX HCTOUYHHKAX;

paspabaThIBaTh IUJIaH PEUICHUS MTPOOIEMbI C YYETOM aHalIM3a UMEIOIIUXCS MAaTepUaIbHBIX U
HeMaTepUaJbHBIX PECYPCOB.

baszosvie uccneoosamenvckue oeticmeus.

BIIJIETh HAYYHOU TEPMUHOJIOTUEH, KIIFOUEBBIMH MOHATHSIMHU H METO/IaMU HaHOHAYKH,

BIIAJIETh HAaBBIKAMHU Y4e€OHO-MCCIEIOBATEIbCKOM M TMPOEKTHOW JesITeNbHOCTH, HaBBIKAMH
paspemieHus MpooOieM; CIIOCOOHOCThIO M TOTOBHOCTBIO K CaMOCTOSITETBHOMY TIOMCKY METOJOB
pelIeHNs MPaKTUIECKHX 3a]]a4, TPUMEHEHHUIO Pa3IMYHBIX METOOB MO3HAHUS;

WCIOJIb30BaTh PA3NUYHbIE BHUJBl JEATEIBHOCTH IO TMOJYYEHHUIO HOBOTO 3HAHHS, €ro
WHTEpIpeTany, NpeoOpa3oBaHUI0 W MPUMEHEHHIO B Y4YeOHBIX CHUTYyallUsX, B TOM YHCIE MpU
CO3JJaHUU YYEOHBIX U COIMAIIBHBIX MPOEKTOB;

(hopMHpOBaTh HAYYHBIM TUI MBIIUICHUS, BIaJeTh HAYYHOH TEPMUHOJIOTHEH, KIFOUYEBBIMU
MOHATHSAMH H METO/IaMU;

CTaBUTH U (HOPMYITPOBATH COOCTBEHHBIE 3a/1aUM B 00pa30BATEIbHO ASSITENHHOCTH U )KH3HEHHBIX
CUTYaIUIX;

yMETb UHTETPUPOBATH 3HAHUSI U3 PA3HBIX MIPEIMETHBIX 00IacTel.



Paboma c ungpopmayueri:

BIIQJICTh HABBIKAMU IOJy4eHUs HWH(OpPMAMM W3 HMCTOYHHKOB PA3HBIX THIIOB,
CaMOCTOSITEIIBHO OCYIIECTBIISATh TIOUCK, aHAIIU3, CHCTEMATU3allMI0 M HHTEPIPETAIIUI0 HHPOPMAITIH
Pa3IUYHBIX BUJIOB U (POPM MPEICTABICHHUS;

OIICHUBATH JIOCTOBEPHOCTH HH(POPMALINH;

(dbopMyIUpoBaTh 3ampochl W TPUMEHATH PA3JIMYHBIE METOABl IPU IOUCKE U OTOOpE
nHpopMaKK, HEOOXOAMMOH JIJISl BBITIOJTHCHHS YIEOHBIX 3a/1a4;

CaMOCTOSITEJIBHO BBIOMPATh ONTUMAIBHYIO (opMy MpeicTaBiieHUs HHPOpPMAIUU (CXEMBI,
rpaduku, TuarpaMmel, TaOIUIBI, PUCYHKH H JIP.);

WCIIONb30BaTh ~ HAYYHBIH  SI3BIK B KauecTBe cpeacTBa  mpu  pabore cC
nHpOpMaluel: TPUMEHATh XUMUYECKHE, (U3MUECKHEe U MaTeMaTH4YeCKHE 3HAKU M CHUMBOJIBI,
hopmyIsl, ab0peBuarypy, HOMEHKJIATYDY, WCIIOJIb30BaTh M MPE0OPa30BHIBATH
3HAKOBO-CUMBOJINYECKUE CPEACTBA HAIJISTHOCTH.

B cghepe oenadenusn ynugepcanbnoimu KOMMYHUKAMUBHBIMU OCILCIBUAMU:

OCYIIECTBJIISITH OOIIIEHNE BO BHEYPOUHOU JIEATEIHHOCTH;

pPa3BEpHYTO U JIOTHYHO W3Jaratb CBOIO TOYKY 3PEHHUS C HCIOJIb30BAHUEM SI3BIKOBBIX
CpPEICTB;

MMOHUMATh U UCTIOJIH30BATh MIPEUMYIIECTBA KOMAHAHOW U MHIUBHUIYAILHOU PaOOTHI;

BBIOMpAaTh TEMATUKy W METOJbI COBMECTHBIX JEUCTBHUH C Y4eTOM OOIIUX HHTEPECOB M
BO3MOXHOCTEHN Ka)/I0TO 4jieHa KOJUIEKTHBA;

MIPUHUMATH enu COBMECTHOM JIeSTETLHOCTH, OPraHU30BBIBATh H
KOOPJAMHHUPOBATH JCUCTBUS 10 €€ JOCTIKEHUIO: COCTABIISATH IUIaH JCUCTBUH, pacpeieisiTh POJIH C
y4eTOM MHEHHMH y4aCTHUKOB, 00CYX/1aTh pe3yabTaThl COBMECTHON pabOThI;

OIICHUBATh Ka4e€CTBO CBOETO BKJIaJa M Ka)KJIOTO YUaCTHHKA KOMAaH/Ibl B OOIIMI pe3yabTaT Mo
pa3pabOTaHHBIM KPUTEPHUSIM,

npeajaratb HOBBIE IMPOEKTHI, OLEHUBATh WIEH C TMO3UIMHU HOBHU3HBI, OPUTMHAIBHOCTH,
MPAKTUYECKON 3HAYNMOCTH;

OCYILIECTBIISITh MO3UTHUBHOE CTPATErMUYecKOe TIOBEIEHUE B PAa3JIMYHBIX CHUTYyalMsX,
MPOSIBIIATH TBOPUYECTBO U BOOOpaxKeHHNE, ObITh MHUITUATHBHBIM.

B cghepe osnaoenusa ynusepcanvrvimu pecyisimueHoiMu 0eicmeUAMU:

Camoopeanuzayus:

WCII0JIb30BaTh HAyYHbIE 3HAHUS JUIS BBISBICHHS MPOOJIEM U UX PEIICHUS B
KU3HEHHBIX U Y4eOHBIX CUTYaIHsIX;

CaMOCTOSITEJIBHO OCYIIECTBIIATh IMO3HABATENIbHYIO JEATEIbHOCTh, BBIABIATH IPOOJIEMBI,
CTaBUTh U (POPMYIHUPOBATH COOCTBEHHBIE 3a]IaUu;

CaMOCTOSITEIBHO ~ COCTaBIIATh ~ IJIaH  BBIMOJHEHHS  y4eOHO-HCCIIEeN0BATEILCKOTO
OKCIEPUMEHTa C  Y4eTOM  HUMEIOUIUXCA  PECypcoB,  COOCTBEHHBIX  BO3MOXKHOCTEH U
MPEeANOYTEHUH;

pacmupsATh paMKH y4eOHOro TMpeIMeTa Ha OCHOBE JIMYHBIX MPEANOYTEHHH; JeaTh

OCO3HAHHBIN BBIOOP, ApIyMEHTHUPOBATH €ro, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
3a peuIeHHe;

OIICHUBATh IPUOOPETEHHBIN OTIBIT;,

CHocoOCTBOBATH (POPMHUPOBAHUIO U MPOSBICHUIO APYAULIUU B 00JIACTH €CTECTBEHHBIX HAYK,
MTOCTOSIHHO TOBBIIIATH CBOM 00pa30BaTENbHBIN U KYJIbTYPHBIH YPOBEHb.

Camokoumponw:

JaBaTh OLIEHKY HOBBIM CHUTYallUsSIM, BHOCUTh KOPPEKTHUBBI B AESITEIHHOCTb, OLICHUBATH
COOTBETCTBUE PE3YJIbTATOB LIETISIM;

MIPUHUMATh MOTHBBI U  apTyMEHTHI IpyruX TpU  aHalu3e  pe3yNbTaToB
NESTEIIbHOCTH;

WCII0JIb30BaTh MPHUEMbI pedIeKCHH TSl OLEHKUA CUTYallMH, BHIOOpA BEPHOTO PEIICHMUS,

YMETh OLICHUBATh PHUCKHU U CBOEBPEMEHHO MNPUHUMATh PEHICHUS IO 170
CHUKEHHIO.
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Ipunamue cebs u Opyeux:

IIpUHUMATh 06651, nmoHuMasd CBOU HCAOCTATKH U JOCTOMHCTBA,; IIPU3HABATH

CBO€ IIPABO U MPABO JIPYTUX Ha OMIMOKH.

NPEJIMETHBIE PE3YJIbTATHI

[To uroram peanuzanuu [IporpamMmmel oOyuatoniuecst OynyT 3HATh:

OCHOBHBIE TTOJIOKEHHSI 3aKOHOB, TEOPHIiA, 3aKOHOMEPHOCTEH, MTPaBUJI, THIIOTE3 B 00JaCTH
COBPCMCHHBIX HAHOHAYKU 1 HAHOTCXHOJIOTHH,

6H0rpa(1)1/1qec1<ne AaHHBIC 1 OCHOBHBIC JOCTHKCHHUA BEAYILIHUX HpeHCTaBHTCHCﬁ HAayKH O
AUCTICPCHBIX CpCaax U HAHOXUMUU

OCHOBOIIOJIaratomye HAaHOXUMHUYCCKHUE TCPMHHBI U IIOHATHUA (HaHOqaCTI/ILIa,
HaHOMAaTepHallbl, HAHOCTPYKTYpPbI, HAHOCUCTEMBI U Jp.);

CTpOEHHE OCHOBHBIX HaIMOJIEKYJIIPHBIX CTPYKTYp, MIPUCYTCTBYIOIIUX B
JIMCTIEPCHBIX CpeJiax;

BO3MOKHOCTH HAIPaBJIEHHOTO CHHTE3a ¥ MOAU(PHUKAIINH HAHOCTPYKTYPUPOBAaHHBIX BEIIECTB U
MaTepHaJIOB;

(yHKIMOHAJIbHBIE BO3MOXXHOCTH HAHOCTPYKTYPHUPOBAHHBIX BEIIECTB
Y MaTepHasoB;

OCHOBHBIC METOJbl HAYYHOT'O ITO3HAHHWA, HUCIIOJIB3YEMBIC B HAHOXHUMHNYCCKUX U
HaAHOTCXHOJIOTHYCCKHUX UCCICIOBAHUAX,

KIIFOUYEBBIC JJOCTHXKCHUS B oOactu HaHOTCXHOJIOT'H,

OCHOBHBIC ITPHUIIOKCHUA HAHOCTPYKTYPHUPOBAHHBIX BECUICCTB U MAaTCPHUAJIOB.

[To utoram peanmuzaruu [Iporpammel oOydaronmecs OyayT yMeTh: ITOJIb30BAThHCS
TEPMHHOJIOTHEH, OTHOCSIIEHCS] K HAHOXUMHUH U HAHOTEXHOJIOTHH; pa3jinyarh
pas3InvHbIC YPOBHHU OpraHu3anuu MaTepuu
B HAHOCTPYKTYPHPOBAHHBIX 00BEKTAX;
coOMpaTh MIapo-CTEPKHEBBIE MOJIETH CTPYKTYP HAHOOOBEKTOB;
MPUMEHSTH IPOTPaMMHOE 00eCTICUeHHE ISl BU3YaIN3alluH MPOCTPAHCTBEHHON CTPYKTYPBI
HAaHOOOBEKTOB;

IJIaHUPOBATh U TIPOBOJUTH y4eOHO-HCCIeI0BaTENbCKUN AKCIEPUMEHT
10 U3yYCHHUIO CBOMCTB TUCTIEPCHBIX CUCTEM;
aHaTM3UPOBaThH U300paKeHHs HAHOCTPYKTYPUPOBAHHBIX 00BEKTOB,
MOJIy4YE€HHBIE Pa3IMYHBIMU METO/IaMU U3YUCHUS;
yCTaHaBJIMBATh B3aUMOCBSI3U MEX Ty HayKOH u TEXHOJIOTUSIMH,
HaHOMAaTepHUalaMU U X CBOMCTBaMHU, METOIaMU UCCIIEOBAHMSI M KX BOBMOYKHOCTSIMU; OLIEHUBATh
JTHUYECKUE  aCMeKThl  COBPEMEHHBIX UCCIIeZIOBaHUI B obmactu
HAHOTEXHOJIOTHIA;

CaMOCTOATCIBHO pa60TaTL C HCTOYHHKaMH HOHOHHHTGHBHOﬁ JIMTCPATYPbl U UHTCPHECT-
pecypcaMu, BKIIHOYaA peCypChl HA AHTJIMHACKOM SI3BIKE.
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TEMATHYECKOE IINTAHUPOBAHUE

10 KJIACC
Ne Haumenosanue Konuuecmeo Ilpoepammnoe Xapaxkmepucmuka
n/n pasoenos yacos cooepoicanue OoesimenbHOCm
u mem Kypca u
obyuarowuxcs

Paznen 1. Opranmauuonnoe 3aHaTHe «HaHOXMMHA U HAHOTEXHOJIOTUA KaK
MEKINCHUIVTIMHAPHAA 00J1aCTBbY

1 TUCIICPCHBIX

CHUCTCM

1.1. | Brenenue 2 DOopMBI U METOTBI IlepBuunas
B [Iporpammy nestenbHoCTH. [Inan JMarHocTuka. BxoaHoe
paboThl HA y4eOHBIN TECTUPOBAHUE
roa. MHcTpykTax
MO0 TEXHUKE
0e301acHOCTH
Hroro no pazneny 2
Pa3nen 2. UcTopusi HAyKH 0 TMCIIEPCHBIX CHCTEMAaX
2.1 Hauano uzydyenus 4 Kanumspsl u 3akoH Yuebno-
MOBEPXHOCTHBIX Jlannmaca. U3yuenue uccne008amenbCKuil
SIBIICHUI ancop6muu (K. leene, | axcnepumenm:

T. JloBum).
Merannuueckue 3011
(M. dapaneii).
bpoyHoBckoe
nemxenue. OcMmoc

u quanm3 (T. I'pam).
Konnouansie cucreMsl.
Omnpenenenue yncna
Asoranpo (K. Ileppen).
Dddext Pebunaepa.
Tepmun
«HAHOTEXHOJIOTUNY,
UCTOPUS €ro MOSBICHUS
U TIOMYJISIpU3aluu

(P. ®eitaman,

H. Tanuryru,
3. lpexciep)

Nzyuenune agcopoumm
KpacuTesel ¢ TOMOIIbIO
AKTUBUPOBAHHOTO YTJIA.
OnpenenexHue ero
COpPOITMOHHOM

CIIOCOOHOCTH
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Hroro no pazneny

4

Paznen 3. OcHoBbI (U3UKH NOBEPXHOCTH U AUCIIEPCHBIX Cpe

3.1 OcHOBBI (hU3UKH 4 DU3NKO-XUMUUYECKUE Yuebno-
MIOBEPXHOCTHU CBOMCTBa aTOMOB uccne0oeamenbCeKull
Ha TIOBEPXHOCTHU. 9KCNEpUMeHm:
[ToBepxnocTHOE Ornpenenenue
HaTsDKeHHE. AicopOLus. | MOBEPXHOCTHOTO
CmaunBanue HaTSKEHUS! BOJIBI
METOJIOM OTphIBa
Karienb
3.2 | CgoiicTBa 4 DIIeKTPUIECKHE Yuebno-
JUCIIEPCHBIX Cpex CBONCTBA. uccne0o8amenbeKull
Y CcTOWYUBOCTS. IKCNEePUMEHM!
PU3HNKO-XUMHYECKAS OneHKa TOIIHUHBI
MeXaHuKa rpaduToBO TMHUU
B 3aBHCHUMOCTH
OT MSITKOCTH KapaHjaria
Hroro no pazneny 8

Pa3nen 4. lucnepcHbie CHCTEMbI: MOJyUeHNe U TPUMEHEeHUe

4.1 Knaccuduxarms 2 [Tousarus Ilpakmuueckas paboma:
JUCTIEPCHBIX CUCTEM «HaHOMaTepua., Mo nenupoBanue
«HaHOOOBEKT. CTPYKTYpbl HAHOYACTHII
Buapsl HaHOOOBEKTOB pasHoro pasmepa,
(0D, 1D, 2D; CpaBHEHUE JI0JIU
MHUKpPO-, ME30- MOBEPXHOCTHBIX aTOMOB
U MaKpOIOPHCTHIE). U 4ucia
Spkue npumepsl HECKOMITEHCHUPOBAHHBIX
MPOSIBIICHUS BaJICHTHOCTEH
pasmepHoro 3¢ dekra
4.2 | ducnepcHbie 2 [Iensl, a3po3onu Yuebno-
CUCTEMBI, U a’porenu uccne008amenbeKull
coJiepKaIue 9KCNEepUMeHm:
ra3oByio (azy Onpenenenue
YCTOMYHUBOCTH MEHBI
MOIOIIUX CPECTB
4.3 Hucniepcueie 2 30414, TeNn, SMYJIbCUH Yuebno-
CUCTEMBI, U CyCIICH3UM. uccne0o8amenbCKull
coJepaime [Tonoxenue 30meit 9KCnepuMeHm.
KUAKYH0 (azy Ha mkane aucriepcHoct | [lonyuenue 3omnei

KOJIJIOMIHBIX CUCTEM

HaHOCTPYKTYPUPOBaH-
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HOTO cepebpa

44 | ducnepcHbie 3 [ToBepxHOCTHO- Yuebno-
CUCTEMBI, AKTUBHBIC BEIIIECTBA. uccne0o8amenbCKuli
CoJiepKaIue MeMmOpaHbI, MUTICILITBI 9KCNEPUMEHN:
MTOBEPXHOCTHO- Y JIUTIOCOMBEI. W3ydeHuve BIHASHHUS
aKTUBHBIC BEIIECTBA Buonoruyeckue MIOBEPXHOCTHO-
JUCTICPCHBIC CHCTEMBI AKTUBHBIX BEIICCTB
Ha TIOBEPXHOCTHOE
HATSDKCHUE
4.5 | Metompt 1 Dddext Tunnans. Yuebno-
BHU3yaJU3aliu AHanu3 TpaeKTopuit uccne008amenbCKuil
HaHOYaCTHI] JBUKCHUS HAHOYACTHIL | 9KCHEPUMEH.:
JemMoHcTpanus
s dexra Tunnmans
Ha JINCIICPCHBIX
CUCTEMaXx Pa3InIHOTO
pona
Hroro no pazneny 10

Pa3znen S. MeToabl CHHTE32 HAHOCTPYKTYPHPOBAHHBIX BEIIeCTB U MATEPHAJIOB

5.1 [TpunIUn «cBEpxy- 2 [Tpuntumne! nonyaennss | I[lpakmuueckas paboma:
BHU3» HAHOCTPYKTYD: [TocTpoenue moaenu
«CBEpXY-BHU3» TIaHeTapHOU
U «CHU3Y-BBEPX». MEJTbHUIIBI
[Tony4enue rpadena.
OcobeHHOCTH pabOTHI
IUTAHETAPHBIX MEJIbHHUIL
52 [IpuHun «cHU3Y- 8 OCHOBBI Yuyebno-
BBEPX» CYIpaMOJIEKYJISIPHOM uccne0o8amenbCKuil
xumun. CamocOopka. 9KCNEepUMeHm:
MeTtobl cuHTE32 ["a3oda3ublii cuHTE3
HAHOYACTHIL: «MSITKON HAHOKPHUCTAJUINYECKOTO

XHUMUEH» — 30JIb-T€lIb,
«TOMOT'€HHOTO
OCaXKICHHS,
oOpatiéHHo-
MULIEIUISPHBIN,
MUKPOSMYITHCUOHHBIH;
tepmonus, CVD.
Metoapl cTaOUIN3alUN
HAHOYACTHII;
cTepuyecKas, XeJIaTHasl,
ANEKTPOCTAaTHYECKAs,
AMMOOWIIH3aen

XJIOpHU/1a aMMOHHUSL.
ITony4yenue 3o0ien
HaHOMAarHeTuTa,
HaHOPa3MEpPHOT 0
JMOKCUAa TUTaHA,
OepIUHCKOM J1a3ypH.
[TonmyyeHne HaHOIIIIEHOK
cepeOpa Ha CTeKIITHHOM
noanoxke. OneHka ux
TOJIIIMHBI.
IIpomexxyrounas
aTTeCTaIs
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B MaTpHIIE.
HanpasneHHb1l cuHTE3
HaHOOOBCKTOB:
KBAHTOBBIC TOYKH,
HAHOIIJICHKH, 00OBEMHBIC

HAaHOMAaTEPHAIIBL.
Mouduxanys cBONCTB
HAaHOMAaTEPUAJIOB

Hroro no pazneny 10

UTOro 34
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11 KJIACC

No
n/n

Haumenosanue
pazoenos
u mem Kypca

Konuuecmeo
4acos

Iipoepammnoe
cooepoicanue

Xapaxmepucmuxa
oessmenvbHOCmuU
obyuarowuxcs

Pa3nes 6. Meroanbl ncciie1oBaHUsI HAHOCTP

YKTYPHPOBAHHBIX BellleCTB 1 MATEPHAJIOB

6.1 Ontuyeckue 4 OrnTuyueckne CBOMCTBA Yuebno-
METO/IBI HaHOYACTHI] uccne008amenbCKuil
Y HAaHOMAaTepHAaJIOB. 9KCnepuMenm.
Mukpockonusi. Mukpockonuueckoe
JndpakiinoHHbIM U3y4EHUE IIPEnapaToB
npeaen. @oromeTpusi. HaHOcepeOpa Ha CTeKJIax
CnexrpodoTomeTpus:
W3MEpEHHe MPOTYCKAHMS,
TMIOTJIOIEHUS,
JTIOMUHECIICHITUH.
JvnHamuueckoe
CBETOpacCesTHUE
6.2 DJIeKTPOHHAA 3 [IpocBeuunBaromas Ilpakmuueckas paboma:
MUKPOCKOTIHS 3JIEKTPOHHAS CpaBHUTEIIbHBIN aHATIN3
MUKPOCKOTIHSI. H300paKeHU I
Cxanupyromas HaHOCTPYKTYD,
AJICKTPOHHAS MOJTy4YEHHBIX
MHUKPOCKOTIHSI. IEKTPOHHOU
OcoOCHHOCTH M3YYCHHS | MUKPOCKOIHEH
OMOJIOTHIECKUX
00BEKTOB
Ha HAHOYPOBHE
6.3 PenTrenoBckas 4 Pentrenodazonblit Ilpaxmuueckas paboma:
TU(hpPaKTOMETPHS aHaju3. YIIMpeHue Busyanuzamus ctpykTyp
MTUKOB KaK MPU3HAK OHMOIIOJIMMEPOB,

HaHOOOBEKTA U KaK
croco0 OLEHKH pa3mepa
KPUCTAJIUTOB.
PeHnTrenocTpykTypHbIi
aHanu3. OnpeneneHue
CTPYKTYPbI
HAHOPa3MEPHBIX
00BEKTOB Ha AaTOMHOM

ypoBHE

MMOJIY4CHHBIX MCTOJAOM
PEHITCHOCTPYKTYPHOI'O

aHaJIn3a
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6.4 | Cxanupymomas 6 TyHHenbHas Yuebno-
30HI0Bas MUKPOCKOTIHS. ATOMHO- | UCC1e008amenbCKul
MUKPOCKOTIHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananus N3yyenue noBepxHOCTH
HAHOCTPYKTYPHI METOJIOM aTOMHO-
IIOBEPXHOCTEH. CUJIOBOY MUKPOCKOIIUU.
Cratuueckuit
U TMHAMUYECKUH IIpakxmuueckas paboma:
PEXUM CKaHHPOBAHMS AHanus n300paxeHui,
MOJTyYEHHBIX METOJIOM
aTOMHO-CHJIOBOMN
MHUKPOCKOTIHHY,
C IOMOUIbIO
COBPEMEHHOTO
IPOTPAMMHOTO
obecrieueHust
Hroro no pazneny 17

Pa3znen 7. ®yHKUMOHAIbHBI

€ CBOICTBa HAHOCTPYKTYPHPOBAHHBIX BellIeCTB M MaTepUAJI0B

7.1 D yHKITMOHATIFHBIC 5 CBepxHHU3Kas Yuebno-
CBOICTBa BEIIECTBA, CMaunBaeMOCTb. uccne0o8amenbCeKull
obecrieunBaeMble CBepXITpOYHOCTb. 9KCNEepUMeHm:
HaHOMaTepualaMu BricokotemneparypHas | M3ydyenue «addexra
CBEPXIPOBOIUMOCTb. JI0OTOCa» Ha IpUMeEpe
CaepxunbTparus. JierecTKa po3bl.
CBepXbSIPKOCTh N3mepenne kpaeBoro
CBETOUCITYCKaHUSI. yria
Cyxas aare3us
(bnomumeTHKa
reKKoHa). MarHuTHbIe
CBOICTBa
Hroro no pazneny 5

Pazgen 8. HaHOTeXHOJIOr MM — IEePCHEeKTUBBI PA3BUTHS U COCTOSTHHE HAYKH

HAa CeroaHAIIHMI TeHb

8.1 CoBpeMeHHbIE
MIPUMEHEHUS
HAHOTEXHOJIOTHH

OO6muit 0630p
COBPEMEHHBIX
IPUMEHEHUH
HAHOTEXHOJIOTUN

Buxmopuna:
HanorexHomoruu
B Halllell ;KU3HU
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8.2 | Yruepousie 2 Ocobast pons yrepona | Ilpaxmuueckas paboma:
HaHOMAaTePUAITBI B HAHOMHUPE. MopenupoBanue
Oymnepensl, rpade, MIPOCTPAHCTBEHHOMN
HAHOTPYOKH CTPYKTYPBI QYIIJIEpEHOB
8.3 | Hanomarepuansl 2 Hanomatepuasst Yuebno-
JUTS SHEPTETUKU B TOIIMBHBIX uccne0o8amenbCeKull
AIIEMEHTAX. 9KCNEpUMeHm:
JluTnii-noHHbIE N3mepenne eMKoCTH
AKKyMYJISTOPBIL. JUTHHA-UOHHOTO
CynepkoHieHCaTopsl aKKyMyJIsITOpa
8.4 | HanoanekrpoHuka 2 3akon Mypa. Ilpakmuueckas paboma:
TexHonorn4eckuit AnHanus n300paxxeHus
IPOLIECC TPOU3BOJICTBA | MOBEPXHOCTH KOMITIAKT-
WHTETPATIbHBIX JTCKa
MHUKpocxeM. Cucremsl
3anucu uHpopMaluu
8.5 Hanomarepuanst 2 Hanonuarnoctuka. Ilpakmuueckas paboma:
B MEIUIINHE [Ipumenenne Buzyanuzanus
1 DKOJIOTUH HaHOMAaTepHaJloB MIPOCTPAHCTBEHHON
B TEpaIuH. CTPYKTYpbI
HanocopOeHThI. HaHOOWOTpeTapaToB
DoTOKATATM3ATOPHI. C IIOMOIIBLIO
Camoouuctka COBPEMEHHOI0
IPOrPaMMHOTO
obecrieueHust
Hroro no pazneny 9

Pa3nen 9. AktyasabHble podJieMsbl B 0012

CTH HAHOXHUMHUHU U HAHOTEXHOJI0OI'MHA

9.1 Huckyccus 3 AxTtyanbHble mpobneMsl | MTorosas arrecrarus.
B 00J1acTH HAaHOXUMUM | 3aueTHas pabdora
U HAHOTEXHOJIOTUU

Hroro no pazneny 3

Bcero kosm4ecTBo 4acos 34

no IIporpamme 3a rog
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KAJIEHJAPHO-TEMATHYECKOE INTAHUPOBAHUE
KYPCA BHEYPOYHOM JEATEJIbHOCTH

«COBPEMEHHBIE NUCCJIEJOBAHUSA U JOCTUXEHNA HAHOXUMHUN»

10 KUIIACC
Ne Koa-Bo
Ha3Banue TeMbl
n/n 4acoB
1 @DopMbI 1 METOBI AesATeNIbHOCTH. [1man paboTel Ha yueOHbIH roj. MHCTpyKTax 1mo 1
TE€XHHUKE 0€3011aCHOCTHU
2 Bsenenue B nporpammy 1
3 Kanwmnsaper u 3akon Jlammaca. Usydenue agcop6omuu (K. Hleene, T. Jlopwuir). 1
Merammueckue 301u(M. Dapazeii).
4 Kosmonnssle cuctembl. BpoyHOBCKOE NBHXKEHUE 1
5 Ocmoc u quanus (T. I'pam). Onpenenenuie yucna Asoraapo (K. I[leppen). S dekr 1
PebOunnepa.
6 TepMUH «HaHOTEXHOJIOTUNY», UCTOPUS €ro NOsIBIIEHUS U nomyispusanuu (P. 1
Oeirinman, H. Tanuryru, 2. [{pekcnep)
7 PU3NKO-XMMHYECKHE CBOMCTBA ATOMOB HA IOBEPXHOCTH 1
8 [ToBepXHOCTHOE HATSKEHHE 1
9 AncopOrnus 1
10 | CmaunBaHue 1
11 DJIEKTPUYECKHE CBOMCTBA 1
12 | YcToinunBOCTh 1
13 | ®u3uko-xuMHUecKasi MEXaHUKa 1
14 | ®u3uko-XxUMHYECKasi MEXaHUKA 1
15 [TonsaTus «HaHOMaTepHua», «<HaHO0OBEeKT». Bunbl HaHOOOBEKTOB (0D, 1D, 2D; 1
MHKPO-, M€30- U MAaKPOTIOPUCTHIE).
16 | SIpkue mpuMepbl TPOSBICHHUS pa3MepHOro dddekTa 1
17 | Ilensl, a3p030J1M U a3pOrenu 1
18 | Ilensl, a3p030J1M U a3pOrean 1
19 | 3osn, renu, SMyIbCUU U CYCIIEH3UU 1
20 | IlonokeHue 30J€H Ha MIKaJIe TUCIEPCHOCTH KOJUIOMJIHBIX CUCTEM 1
21 [ToBEpXHOCTHO- aKTUBHBIE BEIIECTBA 1
22 MeMOpaHbl, MUIICIIIBI U JIUTIOCOMBI 1
23 buonoruueckue qucrnepcHbie CUCTEMBI 1
25 | Oddexr Tungans. AHanu3 TpaeKTOPUI ABUXKEHUS HAHOYACTHII 1
26 | [IpuHUuMIBI NOJy4YEeHUs HAHOCTPYKTYP: «CBEPXY-BHHU3» U «CHU3Y-BBEPX)» 1
27 | llonydenue rpadena. OcobeHHOCTH PaOOTHI IUIAHETAPHBIX MEIbHHUII 1
28 | OcHOBBI cynpaMoiekysipHoi xumun. CamocOopka 1
29 | Metoapl CHHTE3a HAHOYACTHUIL: «MATKON XUMHEI» — 30J1b-Tellb, <TOMOT€HHOTO 1
OCaX/ICHUs», 00paIl€HHO- MULIEIUISPHBIM, MUKPOAMYIBCHOHHBIN; TepMoin3, CVD
30 | Meroab! cTabuiIM3aui HAHOYACTHUIL: CTEPUUYECKAsi, XeIaTHas, 1
AIIEKTPOCTATUYECKAS,, UMMOOWIH3AIINE B MaTpHIIe
31 | HampaBieHHbIH CHHTE3 HAHOOOBEKTOB: KBAHTOBBIE TOUKH, HAHOTLIIEHKH, 1
00BbEeMHBIE HAHOMATEPHAIIBI
32 | Mogudukanus cBOWCTB HAHOMATEPHAJIOB 1
33 | IloaroroBka K 3a4eTy 1
31 3auer 1
UTOI'O 34
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KAJIEHJAPHO-TEMATHYECKOE INTAHUPOBAHUE
KYPCA BHEYPOYHOM JEATEJIbHOCTH

«COBPEMEHHBIE UCCJIEJOBAHUA U JOCTUXKXEHNA HAHOXUMHUN»

11 KUIIACC
Ne Koa-Bo
w/n Ha3BaHnue Tembl YACOB
1 OnTHyeckue CBOMCTBAa HAHOYACTHULl U HAHOMaTepuaaoB. Mukpockonus 1
2 Judpaxmonnsiii npeaen. Doromerpust 1
3 CrnexTpo(hoTOMETpHsI: H3MEPEHUE MPOITYCKAHUS, TOTJIONEHHS], JTIOMUHECIICHITUH 1
4 JluHaMHuecKkoe CBETOpacCesiHUe 1
5 [IpocBeunBaronias 31eKTPOHHASI MUKPOCKOTIHS 1
6 CkaHupymoas 31eKTPOHHAsE MUKPOCKOIHUS 1
7 Oco0eHHOCTH U3yd€eHHUs OMOJIOTHYECKHX 0OBEKTOB Ha HAHOYPOBHE 1
8 PentrenodasoBblil aHanus 1
9 VYmrpenue NMKoB Kak MpU3HaK HAHOOOBEKTA U KaK Crloco0 OLIEHKH pa3Mepa 1
KpPUCTAJIJTUTOB
10 | PEeHTreHOCTPYKTYpHBIN aHAIN3 1
11 Omnpenenenre CTPYKTypbl HAHOpPa3MEPHBIX 00bEKTOB HA ATOMHOM YPOBHE 1
12 | TyHHenbHAasE MUKPOCKONIUS 1
13 | ATOMHO-CHJIOBasi MUKPOCKOIIHS 1
14 | AHanu3 HAHOCTPYKTYPHI 1
15 | AHanu3 HAHOCTPYKTYPBI TOBEPXHOCTEH 1
16 | Cratndeckuii 1 JMHAMUYECKUN PEKUM CKaHUPOBAHUS 1
17 | PesxuMbl CKaHUPOBaHUS 1
18 | CBepxHM3Kasi CMAYMBAa€MOCTh 1
19 | CBepXmpo4HOCTH 1
20 | BeicokoTemIiepatypHasi CBEpXIIPOBOJAUMOCTh 1
21 | CepxdunbTpanus 1
22 | CBepxbsapkocThb cBeTouciyckanus. Cyxas aare3us (OMOMUMETHKA TeKKOHA). 1
MarHuTHbIE CBOICTBA
23 | OGmwmit 0030p COBPEMEHHBIX TPUMEHEHNU HAHOTEXHOJIOTUH 1
25 | Ocobas poib yriepoja B HAHOMHUPE 1
26 | dynnepensl, rpadgeH, HAHOTPYOKH 1
27 | HanoMarepuassl B TOIUIMBHBIX JIEMEHTaX 1
28 | JIntuii-noHHbIe aKKyMyJATOpbl. CynepKOHAEHCATOPbI 1
29 | 3akoH Mypa. TexHOI0ru4ecKkuii mpoIecc NpoOru3BOICTBA UHTETPAIbHBIX 1
MHKPOCXEM
30 | Cuctemsl 3anvcu uHGOpMaAITUU 1
31 | Hanonmarnoctuka. IlpumMeHeHne HaHOMaTEpHAIOB B TEpANH 1
32 | Hanocop6enTsl. PoTokaranuzaropsl. CaMoouyncTKa 1
33 | AkTyanbHble Tpo6sieMbl B 00IaCTH HAHOXMMHMH U HAHOTEXHOJIOTUU 1
34 | 3auer 1
UTOro 34
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OPTAHU3AIIMOHHO-IIEJATOI'MYECKHUE YCJIOBUSA PEAJIM3ALNA ITPOI'PAMMBI

Metoanyeckoe odecnieuenne peaausanun [IporpamMmmel

[Ipu peanuzanuu [Iporpammsl B yueOHOM IPOLIECCE UCTIONIB3YIOTCS METOAMYECKUE TTOCOOMUS,
JTUJIaKTUYECKUE MaTepuaibl, (OTO- M BHAEOMATepUalbl, KOHCTPYKTOPHI I CO3JAHMS 1LIAPO-
CTEPKHEBBIX MOJIENEH XUMHUYECKUX CTPYKTYpP; >KYpPHaJdbl WU KHHUIH, O030pbl U OpPUTMHAJIbHbIE
myOnMKanum, 6a3el JAHHBIX, IPOrPaMMHOE OOecIieueHue Uil PUCOBAHHUS XUMUYECKUX CTPYKTYp U
BU3yaJIU3alMH POCTPAHCTBEHHBIX 0OBEKTOB, Tpoure Marepuaisl B Cetu HTEpHET.

[Ipu npoBeeHNH 3aHATUI UCIIOJIB3YIOTCS:

® CJIOBECHBIC METOIbI 00y4eHUS: JICKIINH, 00bsACHEHUS, Oecenpl,
KOHCYJIbTalluH,

® HarJsaaHbIC METOObI 06y‘I€HI/I$[I MMpe3CHTaluu, BUACOMATCpHAIIbI,
BHU3YyaJIM3alluM,

® JCCIIeIOBATENbCKHE METO/AbI OOy4YeHHS — BBITIOJTHEHHE OOY4YaroIUMUCS
OTIpENICICHHBIX UCCIIEI0BATENBCKUX 3aIaHHH.

YcBoenue MaTepuaa KOHTPOJIUPYETCS npu TTOMOTIIH TECTUPOBAHUS U
BBITIOJTHEHUSI  MPAKTUUECKUX 3aJaHWi. 3aKIIOUUTENIbHOE 3aHATHE TPOBOIUTCA B (opme
3a4eTHOU paboTHI.

MarepuajibHO-TeXHHYECKHe yCa0Bus peanusanuu [Iporpammel

HpO)IYKTI/IBHOCTI) pa60T51 BO MHOTOM 3aBHUCHUT OT Kad€CTBa MAaTCPpHUAJIBbHO- TCXHUYCCKOTO
OCHaIIeHus mporecca. [Iporpamma peanusyercs B ayAUTOPUH 00pa3oBaTeIbHON OpraHU3aIH C
MPUMEHEHHEM TEXHUYECKHUX CPEJCTB OOY4YeHHS W JaOOpaTOPHOTO 000PYIOBAHUS:

® KOMITBIOTEPHI YUUTENS U 00yJIarOIIIXCS;
® HHTEPaKTUBHAs IOCKA;
® yueOHO-HAyYHOE 000pYI0OBaHHE 1O (PU3UKE M XUMHH.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCbI

HopmaTuBHas 6a3a

1. ®epepanbubiii 3akon ot 29 gekabps 2012 r. Ne 273-03 «06 o6pa3oBanuu B
Poccniickoit denepanum».

2. MenepanbHblii  TOCYIAPCTBEHHBIH  00Pa30BaTENbHBIA  CTAHAAPT CPEJHETO  OOIIETO
oOpazoBanusi (yrBepkaeH mnpukazom MwunHoOpHaykn Poccum ot 17 mas 2012 1. Ne 413;
3apeructpupoBad MuntoctoM Poccun 7 urons 2012 r. Ne 24480).

3. denepanbHas  00pa3oBaTeNbHas —IPOrpaMMa  CPEJHEro  o0mero  o6pa3oBaHMs
(yrBepkzeHa mpukazoM Munnpocsenienust Poccun ot 18 mas 2023 1. Ne 371; 3apeructpupoBan
Munroctom Poccun 12 utomnst 2023 . No 74228).

Cnucok JiuTeparypsl

1. AxmeroB M.A. BBeicHrE B HAHOTEXHONIOTHH. XHUMHS : y4eOHOE TOCOOHE ISl ydaIluxcs
10-11 xnaccoB cpenHux o06meoOpazoBaTenbHbIX yupexaeHudt / M.A. AxmeroB. — CaHKT-
[TerepOypr : OOpa3oBaTenbHbIi LEHTpP «YuacTHe», O0pazoBarenbHble TpoekThl, 2012. — 108 c.

2. Axmeroa A U. «®emtoCkan Onnaiin»: 06paboTka ¥ GuibTpanms u3o0paxkenuii / A.
Axmerona, JI.U. Avunckuit, U.B. Amunackuii / Hanounmyctpust. — 2024, — T. 17, Ne 3-4(127). — C.
178-183.

3. Borateipes B.A. MeToasl CMHTE3a HAHOYACTHI[ C IUIA3MOHHBIM pe30HaHCOM / B.A.
borateipeB, JI.A. Jlpikman, H.I. XnebmoB : yueOnoe mocobme. — CaparoB : CI'Y um. H.I'.
UYepnspimesckoro, 2009. — 35 c.

4. Bonkoa C.A. CoBpeMeHHBIE HCCIENOBaHMS B OOIACTM HAHOTEXHOJOTHH B
cojepxkannuu xumudeckoro oopaszosanus / C.A. BoiakoBa. — Mocksa, 2015. — 304 c.

5.Tymumur  E.A. Hasmotexmonmorum — mnpopeis B Oyaymee! / E.A. Tymumn //
O6pazosarenpHas nosmtuka. — 2020. — Ne S5, — C. 54-57.

6. Epemun B.B. Hanoxumus u Hanotexsonoruu / B.B. Epémun, A.A. Jlpo3nos. — Mocksa :
Hpoda, 2009. — 112 c.

7. 3umon A.Jl. 3anuMarenbHas koyutonaHas xumus / A.J[. 3umon. — Mocksa : URSS, 2017.
—-253 c.

22



8. Menbuukosa H. TlonydeHue ¥ W3ydeHHE CBOMCTB BELIECTB, COCTOSIIMX M3 9aCTHI
HaHO- U MHUKpopasmepoB / H. MenbpuukoBa, E. ['neymesa, b. MamrakoB. — Cankr-IlerepOypr :
IIxonpHas nura, M3garenbcTBo «Jlemay, 2013. — 20 c.

9. Mukpo- u HaHOMUP COBpeMeHHBIX Matepuanos / nox pen. FO.J[. Tpetbskosa. — Mocksa :
Xumopax MI'Y, 2006. — 68 c.

10. Hanorexnonorun. As6yka mis Beex / mox pen. IO.JI. TperpsakoBa. — Mocksa :
OU3MATIINT, 2008. — 368 c.

11. 0 BxmOYEHMH OCHOB HAHOXMMHH B COJIEPKAHHME IIKOJBHOIO XHMHYECKOTO
obpazoBanust / C.A. BonkoBa, A.A. Ubarymnun, C.B. Porareix [u ap.] / Xumus B mkone. —
2023. — Ne 6. — C. 19-24.

12. Tate HOOEIIeBCKUX YPOKOB (mpakTUKyM Ui CTapIIEKIACCHUKOB TIO
CKaHMpYyIoleH 30H10Bo# Mukpockonun) / A.B. bonsimakosa, E.B. [lyoposun, A.Jl. [Iporononosa [u
ap.]. — Mockga : LlenTp nepcriekTuBHBIX TexHoorui, 2013. —94 c.

13. Ceeryxun B.B. OcroBbl Hanotexnosoruit. 10-11 kmacce : yuebroe nmocobue / B.B.
CeeryxuH, 1.0. fABTymenxo. — 3-e u3z., crep. — Mocksa : [Ipocsemenue, 2023. — 111 c.

14. CnoBaps HaHOTEXHOJIOTHYECKMX U CBA3AHHBIX C HAHOTEXHOJNOTUSAMH TepMuHOB / I'.T.
Bbopucenxko, U.B. T'onpar, E.A. T'ynunun [u ap.]. — Mocksa : @UZMATIINUT, 2010. — 528 c.

15. Teopus u mpakTHKa CKaHMPYIONIIEH 30HIOBOW MUKPOCKOIWM: HOBBIE PEIICHUS IS
¢bu3uku, xumuu, Owonmormn wu wmeaunuael / AWM.  AxmeroBa, O.B. Hsano, H.E.
MakcumoBa [u ap.] // Hawmowmnmyctpus. — 2023. — T. 16,

Ne 2(120). — C. 88-95.

16. llep6akoB A.B. IlpakTukym 10 HaHOMaTepuanaM M HaHoTexHonorusMm / A.B.
[lep6akos, B.K. lBanoB. — Mockga : MI'Y, 2019. — 368 c.
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